Experiments were performed with two coated chips in duplicate, and the coupling efficiency was evaluated using a mouse monoclonal anti-Bet v 1 antibody. 15 N-1 H labeled Bet v 1 was expressed following variation of a previously described method. 1 Two liters of bacteria were grown overnight in LB medium, centrifuged and resuspended in 0.5 L of M9 salts lacking any carbon or nitrogen source and equilibrated for 35 min. Cells, fed with glucose, 15 N ammonium chloride, and 15 N Celltone (1/25 g) (Cambridge Isotope Labs), were incubated for 35 min and then induced with IPTG. The protein suspension was purified as described above. In addition, an extra Superdex 75 size-exclusion column (GE Healthcare Biosciences, Little Chalfont, UK) step was used.
Expression and Purification of 15 N-1 H labeled Bet v 1

NMR spectroscopy
The NMR data were acquired with either a 600 or 800 MHz Agilent DD2 spectrometer with a cryogenically cooled probe using the pulse sequence gNhsqc. Bet v 1 assignments were taken from. 2 The experiments were performed under the following conditions: LTA: 45 µM Bet v 1 and 300 µM LTA in PBS, 10% 2 
LPS pull-down assay
To investigate whether Bet v 1 binds LPS, a pull-down assay using biotinylated ultrapure E. coli O111:B4 LPS (InvivoGen, San Diego, CA, USA) was performed as previously described. 3 In short, biotinylated LPS was immobilized on Strep-Tactin Sepharose beads (IBA Lifesciences, Göttingen, Germany) and incubated with Bet v 1 for 20 min at room temperature. Unbound protein was washed off and beads were analyzed by SDS-PAGE. As control, the individual components (Bet v 1, biotinylated LPS and Strep-Tactin Sepharose beads), and Bet v 1+beads to exclude unspecific binding, were analyzed.
Determination of secondary structure elements and thermal stability
The influence of ligand binding on the secondary structure elements and the thermal stability of Bet v 1 was addressed by circular dichroism (CD) and Fourier transform infrared (FTIR) spectroscopy. CD spectroscopy was performed with a JASCO J-815 spectropolarimeter fitted with a PTC-423S Peltier-type single position cell holder (Jasco, Tokyo, Japan) over the wavelength range 190 to 260 nm. For measurement, Bet v 1 with and without ligand was diluted in a 10 mM potassium phosphate buffer to a concentration of 0.1 mg/ml. The thermal stability analysis was recorded at 222 nm. The protein was denatured with a temperature slope of 1°C/min from 20 to 95°C. FTIR amide 1 and amide 2 spectra of Bet v 1 at concentrations of 1.0-2.0 mg/ml with and without ligand were recorded with an AquaSpec transmission cell adapted to a Tensor II FTIR system (Bruker Optics Inc., Billerica, MA, USA). Measurement was performed at a constant temperature (25°C), controlled by a Haake F8 thermostat (Thermo Electron, Germany) with internal temperature control. For data analysis, OPUS spectroscopy software 6.0 (Bruker Optics Inc., Billerica, MA, USA) was used. The Savitzky-Golay algorithm was applied on vector-normalized amide 1 spectra (25 smoothing points) to obtain the second derivative. For the quantification of secondary structure elements, a Quant2 method of the OPUS software was used. For thermal stability analysis, spectra were recorded with a BioATR II unit (Bruker Optics Inc., Billerica, MA, USA) at 25 to 95°C (dT=2.5K). The determined relative signal change in the amide I band by creating a difference spectrum for each temperature point was used to calculate the melting point (Tm).
Mediator release assay
A mediator-release assay was performed to assess the capacity of ligand-loaded Bet v 1 to induce IgE-antigen-crosslinking and basophil degranulation. In this respect, rat basophil (RBL-2H3) cells, transfected with the human high-affinity IgE receptor (FcεRI) were passively sensitized with sera of six subjects allergic to birch pollen (1:10), and used as previously described. 4 For cell-stimulation, Bet v 1 was used at 10-fold dilutions from 1 µg/ml to 0.01 pg/ml. Toxicity of ligands on RBL-2H3 was determined by cell viability assay using MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) from Sigma-Aldrich, Inc. (St. Louis, MO, USA). Results were expressed as percentage of total enzyme release of cells lysed with Triton X-100, and the half maximal release (in ng) was determined.
Statistics were calculated with a repeated ANOVA followed by a Dunnett post-hoc test of logarithmically transformed half maximal release values (not significant, ns P > 0.05, *P < 0.05, **P < 0.01, and ***P < 0.001).
In vitro antigen uptake of murine bone marrow-derived dendritic cells (BMDCs)
BMDCs from C57BL/6 mouse bone marrow were isolated as described previously. 5 
Activation and cytokine secretion of human monocyte-derived dendritic cells (moDCs)
Immature moDCs from PBMCs of either healthy/non-atopic donors (n=5) or atopic patients (n=7) were isolated and cultured as described elsewhere. 6 Cell viability using the Aqua® dye 
In vitro simulation of endolysosomal degradation
The endolysosomal degradation assay was performed with ligand-bound (either DOC, PPE 1 , or Q3OS in 10× molar excess) and Bet v 1 without ligands (apo-Bet v 1) as previously described. 7 The protein (5 µg) was incubated with 7 µg of microsomes in 100 mM citrate 
Data analysis of in vitro simulation of endolysosomal degradation
For data analysis, the web-based application MSTools was used. 8 For the semi-quantitative analysis of the abundance of the generated peptides at 12 hours of degradation, the obtained peptide sequences were clustered into 7 groups according to their amino acid sequence 
Bet v 1 in vitro proteolytic degradation assay using individual endolysosomal proteases
Recombinant human cathepsin S and human legumain were heterologously expressed and purified as described previously. 9, 10 Bet v 1 (20 µM) was incubated with ligand (100 µM) in and Ac-YVAD-CMK (Bachem), respectively 11 . 
Enzymatic activity assays
Preparation of aqueous birch pollen extract (BPE)
T-cell proliferation assay
Bet v 1 was incubated over night with a 10-fold molar excess of either Q3OS, PPB 1 , PPE 1 , or DOC before incubation with murine BMDCs at a concentration of 10 µg/mL in BMDC medium (online supporting information). After 16, 24, 32, and 48h, DCs were washed and CD4 + T-cell hybridomas specific for the immune-dominant epitope 142-153 of Bet v 1 were added to the culture at a ratio of 1:10 (DC:T-cell) for 24h 17 . Supernatants were harvested and IL-2 levels were determined by ELISA (Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA). As a reference, BMDCs were pulsed at each time point with different concentrations of peptide 142-153 and co-cultured with CD4 + T-cell hybridomas. By interpolating in a standard curve, a µM peptide equivalent from the measured IL-2 was calculated from DCs pulsed with different peptide concentrations. The assays were carried out in triplicates.
